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(57) Abstract: A method of determining the 
volumetric flow of non-gaseous fluent material 
flowing over a measuring period along an open 
channel (6) or along a partially fiUed closed 
channel, comprising evaluating images taken at 
successive intervals of time over the measuring 
period of the upper surface of the fluent material 
to provide velocity signals representative of 
the velocity of the upper surface of the fluent 
material, providing level signals over the 
period of time representative of the level of 
fluent material flowing along the channel, and 
determining from the level signals and the 
velocity signals the volumetric flow of the fluent 
material over the measuring period. The velocity 
signals are determined by detecting similar 
surface features or patterns in evaluated images 
obtained at different times within the measuring 
period. The invention also covers apparatus for 
determining the volumetric flow of non-gaseous 
fluent material along an open or closed channel. 
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Measurement of Flow Characteristics of Fluent Material 

This invention relates to a method of determining the 
volumetric flow of non-gaseous fluent material flowing along 
an open channel or a partially filled closed channel. In 
5 particular, but not exclusively, the invention enables the 
measurement of the flow rate and/or bulk flow of liquids, 
such as water, or liquids containing solids, such as 
sewerage or waste water. The invention also relates to 
apparatus for determining the volumetric flow of non-gaseous 
10 fluent material flowing along an open channel or a partially 
filled closed channel. 

In certain areas of industry, such as the water 
industry, industries that discharge water-borne waste, and 
environmental agencies, it is important to be able to 
15 measure and/or monitor flow velocities and bulk flow values 
of fluent materials. In the water industry, in particular, 
efficient water management requires accurate and reliable 
measurements to be made of water flows. 

Most known liquid flow measuring devices indirectly 

2 0 measure liquid flow rates. Liquid flow measuring devices 

are commonly classified into those that measure liquid 
pressure or head and use charts, tables, or equations to 
compute liquid flow rates from the measured values and those 
that sense or measure liquid flow velocity. 

25 Examples of liquid measuring devices that measure 

liquid head, h, or pressure, p, to determine discharge, Q, 
are: weirs; flumes; orifices; venturi meters; and devices 
that measure liquid depths using run-up measurements on a 
flat weir stick. In these cases liquid flow velocity does 

3 0 not need to be directly measured or sensed. The weir 

equation computes liquid flow velocity from a measuring head 
such as a weir or flume. Head measuring devices require the 
construction of the weir or flume which is typically in the 
form of a fibreglass or concrete channel. Head measurement 
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requires an additional device such as an ultrasound 
transducer to detect the variable head value in the flume or 
weir from which the total liquid discharge is calculated. 
Weirs and flumes involve civil engineering and with large 
5 channels this can involve considerable cost. Also the flow 
characteristics of these known devices may change if they 
become fouled and, to prevent this occurring, it is 
necessary for these devices to require regular cleaning. 

Known devices and systems that actually sample or 

10 sense liquid flow velocities, v, are: a float and stopwatch; 
current and propeller meters; vane deflection meters; 
ultrasonic transit-time velocity measurement devices; and 
Doppler effect ultrasonic flow meters. These known devices 
generally do not measure the average liquid flow velocity, 

15 V, for an entire flow cross section. Thus, the relationship 
between sampled liquid flow velocities, v,. and the mean 
liquid flow velocity, V, must be known as well as the liquid 
flow cross- sectional area, A, to which the mean liquid flow 
velocity applies. Then, the liquid flow discharge, Q, 

20 sometimes called the liquid flow rate, is the product, AV. 
The accuracy of these known devices is limited by the 
characteristics of the technique. A float and stopwatch 
technique is limited in accuracy by the skill of the user. 
Current and propeller meters ' are limited by mechanical 

.25 inertia and by turbulence in the liquid flow as are vane 
deflection meters. The more sophisticated ultrasonic 
techniques measure the average liquid flow velocity across 
a channel from the difference in the transit times of 
ultrasound pulses moving with and against the flow. These 

3 0 devices require careful setting up and in addition require 
transceivers to be inserted in the flowing liquid. 

Another known type of liquid flow meter is a magnetic 
flow meter. Magnetic flow meters measure the change in a 
magnetic field applied around a channel having a liquid 
35 flowing though it and use the information to determine the 
liquid flow discharge through the channel. This type of 
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flow meter can be used for bpth closed and open channel 
flows . 

It is also known from US-A-5811688 to measure the 
velocity of a fluid flowing through a pipe without invading 
5 the fluid. This known method of fluid velocity measurement 
uses the Doppler frequency shift between beams directed at 
and reflected from the fluid surface. 

Other known systems which use imaging techniques to 
measure the flow rate of fluids are disclosed in US-A- 
10 5249238, EP -A- 0436125 , JP-A-63184070 and EP-A- 0505099 . 

An aim of the present invention is to provide for the 
non-contact measurement of surface flow velocities of non- 
gaseous fluent material moving along an open channel or a 
partially filled closed channel. 

15 Another aim of the present invention is to provide an 

image based measurement system, for measuring flow rates of 
non-gaseous fluent material, that does not require contact 
with the flowing fluent material. 

According to one aspect of the present invention 
20 there is provided a method of determining the volumetric 
flow of non-gaseous fluent material flowing over a measuring 
period along an open channel or along a partially filled 
closed channel, the method comprising evaluating images 
taken at successive intervals of time over said measuring 
25 period of the upper surface of the fluent material as the 
fluent material flows along a given portion of the channel 
to provide velocity signals representative of the .velocity 
of the upper surface of the fluent material, providing level 
signals over said period of time representative of the level 
30 of fluent material flowing along said channel, and 
determining from said level signals and said velocity 
signals the volumetric flow of the fluent material over said 
measuring period, each of said velocity signals being 
determined by detecting similar surface features or patterns 
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in evaluated images obtained at different times within said 
measuring period. 

Preferably the quality of the velocity signals is 
evaluated for use in controlling the length of successive 
5 intervals of time in which images are taken. Conveniently 
when a "measurement" is made, surface velocities are first 
produced and the quality of the velocity data is calculated 
using a signal- to -noise criterion or the like. If the 
quality is not sufficiently good, the interval between 

10 successive image evaluations is modified, i.e. decreased, 
using a pre -calculated dependency between surface velocity 
and the chosen quality criterion, and a new measurement is 
made. The process is repeated until a sufficiently good 
signal quality is obtained. This adaptive feature gives the 

15 system the ability to optimise measurement accuracy over the 
complete range of average flow velocities encountered in 
practice. 

The method according to the invention conveniently 
uses measurements from sequences of video images of the 

2 0 preferably illuminated upper surface of the flowing fluent 
material. The velocity profile of the illuminated upper 
surface is conveniently extracted by analysis of consecutive 
video images, preferably video camera images, using 
point-wise correlation image processing. A spatial mapping 

25 between pixel co-ordinates in the image and positions and 
displacements in the field of view measured and the known 
frame rate of the camera allow the measured displacements to 
be scaled to velocity. 

The invention may utilise visible or invisible 
30 radiation to form image (s) from which measurements are made. 
It is particularly preferred to use pulsed electromagnetic 
radiation, e.g. infra-red radiation. Analysis of the images 
may involve the use of statistical cross -correlation 
processing to facilitate the extraction of displacement 
35 information from images. Displacements, positions and 
lengths are scaled to real units using a spatial mapping 
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that is generated by identif jlcatipn of known positions 
( " datums " ) . visible within the imaged field of view. 
Velocity information extracted from the upper surface of the 
flowing fluent material is enhanced by combination of two or 
5 more consecutive measurements. 

It is a particular advantage of the present invention 
that the images of the upper surface of the fluent material 
are taken by means of imaging means, e.g. a video camera, 
which is not in contact with the flowing fluent material. 

10 In the water industry non- contact with the water is an 
advantage since it removes the problem of components being 
fouled by immersion in dirty water. More fundamentally the 
video camera does not disturb the flow of the fluent 
material that it is attempting to measure. Additionally, 

15 personnel have no contact with the flowing fluent material 
and maintenance caused by sensor fouling is eliminated. The 
system has the ability to adapting automatically to changes 
in the measurement conditions, in particular to changes in 
the level of the fluent material in the channel, in the 

20 magnitude of the average surface velocity and ambient 
lighting. 

Suitably the level of the fluent material flowing 
along the channel is obtained by use of gauge means, e.g. a 
measuring gauge or the like, on a side wall of the channel 

25 in contact with the flowing fluent material. Preferably the 
imaging means provides an image of the upper surface of the 
fluent material against the gauge means, evaluation of these 
images providing said level signals. The partially immersed 
measuring gauge should of course remain visible in use even 

30 after being immersed for long periods of time in, for 
example, dirty water. This can be achieved by coating the 
measuring gauge with commercially available non-stick 
coatings. In the event of the gauge being fouled it may be 
cleaned without removal from the channel. 

35 For regular channels the depth of the fluent material 

may be measured by analysing the images of the gauge means 
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which is positioned within the f ield* of view with the lower 
portion obscured where it enters the upper surface of the 
fluent material. The gauge means is typically attached to 
the wall of the channel and may be arranged such that there 
5 is no obstruction to the flow of fluent material. 

The directly measured surface velocity and depth of 
fluent material is combined using standard techniques to 
give discharge in litres/sec. The channel width, if not 
known, may also need to be measured. 

10 Accurate calculation of the bulk flow requires that 

not only the velocity at a point be measured but that the 
velocity profile across the channel be known so that the 
total discharge can be calculated accurately using the 
across -channel velocity distribution. 

15 The invention provides image and inter- image 

information used to extract velocity and spatial scale 
information that may be used to measure flow velocities and 
bulk discharges. 

The method according to the invention has a number of 

20 advantages. The primary component of the measurement system 
for surface velocity measurement has no contact with the 
flowing fluent material and as such avoids problems of 
fouling and contamination by the flowing fluent material. 
This ensures that the imaging means (video camera) does not 

25 influence the flow of the fluent material being measured and 
is not affected in its operation by fouling. As a 
consequence the need for periodic cleaning or maintenance is 
eliminated. It is possible to measure the surface velocity 
of the flowing fluent material and to measure the variation 

30 in the surface velocity across the channel. This allows a 
more accurate and reliable measure of the bulk flow to be 
obtained compared with known sensors, such as microwave 
radar, ultrasonic transit time anemometers, that simply 
measure the average velocity of the flow. This factor is 

35 especially important where the flow may be just downstream 
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of any form of disturbance. ., Duetto the fact that the 
invention uses images to measure the surface flow the same 
image data may be used to estimate water depth in regular 
channels as well as the incidental benefit of providing 
5 image information for visual inspection. The invention can 
be put into effect using components which are both cheap and 
readily available and the simplicity of the hardware 
components and robustness of the processing software make 
the system, apart from occasional replacement of bulbs for 
10 the illumination of the upper surface of the fluent 
material, virtually maintenance free. 

According to another aspect of the present invention 
there is provided apparatus for determining the volumetric 
flow of non- gaseous fluent material flowing over a measuring 

15 period along an open channel or along a partially filled 
•closed channel, the apparatus comprising channel means for 
providing said channel for the flow therethrough of non- 
gaseous fluent material, sensing means for providing level 
and velocity signals representative of the level and surface 

20 velocity, respectively, of the fluent material flowing along 
said channel, said sensing means including imaging means 
mounted relative to the channel means for providing at 
successive intervals of time images of the upper surface of 
fluent material as the fluent material flows along a given 

25 portion of the channel, and evaluating means providing said 
velocity signals by detecting similar surface features or 
patterns in the images recorded at different times, .and 
means for determining the volumetric flow over said 
measuring period from said sensed level and velocity 

30 signals. 

Preferably the apparatus includes illuminating means, 
e.g. pulsed illuminating means, for illuminating the upper 
surface of the fluent material flowing along the channel. 

Preferably the apparatus includes gauge means in the 
35 channel for providing a measure of the depth of fluent 
material flowing through the channel. 
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Embodiments of the invention! will now be described, 
by way of example only, and with particular reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic perspective view of apparatus 
according to the invention for measuring at least one 
flow characteristic of a non-gaseous fluent material 
flowing along a channel; 

Figure 2 shows a pair of sample images of the upper 
surface of fluent material flowing along an open 
channel of the apparatus of Figure 1; 

Figures 3a - 3d illustrates schematically how sampled 
images are analysed; 

Figure 4 illustrates schematically one method of 
determining the depth of fluent material using a 
measuring gauge; 

Figures 5a - 5c show different traces for determining 
the depth of fluent material in the channel; and 

Figure 6 is a timing diagram illustrating image 
exposure" and pulsed illumination of the surface of 
non- gaseous fluent material flowing along an open 
channel . 

Figure 1 shows apparatus for measuring the rate of 
flow and bulk flow of non-gaseous fluent material, more 
particularly water in the embodiment described, passing 
along a channel 6. In Figure 1 the channel 6 is an open 
channel but it will be appreciated that the channel could be 
closed provided that it is only partially filled so as to 
have a distinct upper surface which does not make contact 
with the upper wall of the channel. The apparatus includes 
imaging means, e.g. a video camera 1, mounted with 
illuminating means 2, e.g. a lamp or an array of light 
emitting diodes, on mounting means 3 above, and on one side 
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of, the open channel 6. Sequences ,of images of the upper 
surface of water, which is illuminated by the illuminating 
means 2 and flows through the channel 6, are recorded by the 
video camera 1 and are passed to a processing unit 4. These 
5 images include a portion of a measuring gauge or stick 5 
(see Figure 4) which is positioned in the channel 6. The 
stick 5 is partially submerged and provides an indication of 
the level or depth of the water flowing through the channel 
6. 

10 The video camera is orientated to view a portion of 

the channel which is illuminated by the lamp and the 
measuring stick 5. The camera acquires images of surface 
features or patterns present on the surface of the moving 
water. Typical water surface features are bubbles 7 froth 

15 and small solids. The surface features are recorded as a 
short sequence of images at the frame rate of the camera 
(typically 25-30 frames per second) . The recorded image 
sequence is forwarded to the processing unit where a 
sequence of operations is applied to provide width signals, 

20 velocity signals and level signals dependent, respectively, 
on the width of the channel (if not already known) , the 
velocity of the water surface and the depth of water in the 
channel. These measured parameters are then used, using 
standard methods, to calculate the bulk flow or surface 

25 velocity in the channel. If the quality of the velocity 
signals is not sufficiently good, the time between 
successive image measurements can be reduced. In this way 
the system automatically adapts to the conditions. 

The surface features recorded on the image sequence 
3 0 are normally visible on successive images and provide a 
record of the motion of the water surface in the inter- frame 
period. Pairs of successive images are analysed together 
using a statistical cross -correlation operation performed 
point-wise on a grid across the imaged area to obtain a 
35 measure of the surface feature displacement. Displacement 
values are scaled to real units using an adaptive mapping 
that is a function of the level of the fluid and which is 
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generated from four or more datum points in the field of 
view. The mapping describes the relationship between 
positions in the channel and position in the acquired 
images. Actual velocities are calculated by dividing the 
5 measured and scaled displacements by the known interframe 
period. The raw vector data is filtered to remove erroneous 
vectors. Filtering of erroneous values is achieved by 
identifying all vectors whose magnitude and/or direction is 
inconsistent with the known direction of the channel 

10 relative to the camera. Because of the random and 
uncontrolled nature of the surface features from which the 
measurements are made the above operation is repeated a 
small number of times and combined by averaging until a 
complete or nearly complete representation of the surface 

15 velocity is obtained. The cross -channel velocity profile is 
finally calculated by averaging along lines parallel to the 
sides or "banks" of the channel. 



Figure 2 shows an example of two recorded images and 
Figures 3a - 3d show schematically how these images are 

20 analysed. In particular Figure 3 a shows raw measured 
vectors indicating flow direction and magnitude. Figure 3b 
shows the globally filtered vector field with erroneous 
vectors removed. The average vector map from several 
separate measurements is shown in Figure 3c and Figure 3d 

25 shows the average channel velocity profile. 

The width of the channel is measured from the image 
at the same time as calibration of the system. Calibration 
involves the user selecting known points within the field of 
view seen by the camera. Known points may be marked on the 

30 banks of the channel and identified within the images. Once 
four' of more points are identified at one or several 
different fluid surface levels the system generates the 
mapping. To estimate the channel, width the user then 
identifies two points adjacent each other on opposite banks 

35 of the channel and combined with the mapping this 
information is then used to calculate the channel width. 
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The water depth of the channel may be measured in any 
convenient way, for example using a measuring gauge or a 
low-power laser. One convenient method of directly 
measuring the water depth making use of a measuring gauge or 
5 stick having a known pattern marked on it is described below 
with reference to Figure 4. It will be appreciated however 
that this particular method of depth measurement is only 
exemplative and that other methods of depth measurement 
could be used. 

10 As can be seen in Figure 4, the known pattern 

consists of a black strip and a white strip on either side 
of a black and white banded strip where the dimensions of 
the banding are known. At calibration time the user 
identifies the approximate position of the measuring stick 

15 in the video image by defining three lines that run the 
length, or part of the length, of the measuring gauge over 
the black, white and banded portions of the measuring gauge. 
The portion of the measuring gauge visible above the water 
surface, is detected using image-processing techniques and 

20 the point where the gauge is obscured below the surface is 
then converted to a water depth measurement. 

If a measuring stick or gauge is used as described 
above to determine water depth, the method of determining 
the visible portion of the measuring gauge requires the 

25 measurement of the variation in the pixel grey levels along 
the defined lines in the recorded image corresponding to the 
black, white and banded portions of the measuring gauge. 
The need for black, white and banded sections on the 
measuring gauge arises from the varying conditions 

30 encountered on the surface of open channels carrying waste 
water. In many cases the water surface appears dark due to 
the turbid nature of the waste fluid. In other cases, due 
to accumulation of foam or scum, the water surface, under 
illumination, will appear light. The use of both dark and 

35 light strips on the measuring gauge ensures that in either 
of the above cases one transition, either dark strip to 
light foam or light strip into dark turbid water, will 
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provide a clearly detectable transition from which the water 
height can be gauged. However, an ambiguous situation can 
occur where the surface foam or scum, is present on the 
surface in a patchy fashion. In this situation erroneous 
5 measurements may occur where the white strip enters the 
water surface into light coloured foam while simultaneously 
the dark strip directly enters the dark water surface. In 
this case neither the black strip nor the white strip will 
provide a reliable estimate of the water surface. To deal 

10 with this situation the additional striped or chequered 
strip is included on the measuring gauge where the 
periodicity of the black and white "chequers" or "bands" is 
known and constant. Measuring transitions down the length 
of the chequered strip will show transitions at regular 

15 intervals until the strip enters the water surface. In this 
case whether the water surface is dark or light the 
regularity of the detected black/white transitions will be 
interrupted providing an approximate but reliable measure of 
the position of the water surface. Comparing the rough 

20 water surface measurement from the chequered strip with the 
accurate but potentially ambiguous white/black strip 
measurements provides information that may be 
cross-referenced to generate an accurate water depth 
measurement from most images. 

25 The condition that is assessed to determine whether 

grey level transitions measured from the depth gauge are 
unambiguous is whether one or both measurements from the 
plain black or white strips fall sufficiently close to the 
rough measure achieved from the chequered strip. Additional 

3 0 verification of water depth may be achieved by comparing the 
present measurement with previous, validated measurements. 
This is possible since water depth does not change 
significantly in the time period between measurements (5-30 
seconds) and may be used to detect outlier measurements. 

35 The method used to determine dark/light or light /dark 

transitions is based on the detection of sharp and distinct 
changes in the gradient of the pixel grey levels along the 
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three strips of the measuring ga,uge. The grey level 
gradient is calculated by taking the difference between the 
first pixel value and the next. If the pixel values are 
going from dark to light the gradient will produce a 
5 positive value and if the pixel values are going from light 
to dark the gradient will produce a negative value. In the 
ideal case of the white strip entering a dark water surface 
there will be a sharp negative going peak 23 (see Figure 
5c) . In the case of the dark strip entering a light foamy 

10 surface there will be a sharp positive peak 21 in the grey 
level gradient (see Figure 5a) . For the banded strip the 
gradient of the pixel grey levels will produce a series of 
positive and negative peaks 22 (see Figure 5b) at regular 
spacing for the section of the measuring gauge that is above 

15 the water surface. Regardless of what state the water 
surface is in the analysis of the banded or chequered strip 
will result in the regularity of the positive/negative 
strips being lost and this state is easily detected and used 
as a reliable rough measure of the water depth as can be 

20 seen in Figure 5b. 

As mentioned above the processing unit 4 performs a 
series of processing operations on the video images acquired 
from the video camera 1. These operations include the 
analysis of the inter- frame displacement from which surface 

25 velocity is calculated, the analysis of the depth measuring 
gauge and the final combination of these measurements to 
calculate bulk flow or discharge. Additionally the 
processing unit incorporates functionality that allows the 
user to set-up or calibrate the system. The hardware of the 

30 processing unit 4 may comprise standard components but must 
run specific code designed for the purpose of the present 
invention. The code is deigned to perform the analysis 
described above on video image streams. The software used 
to implement the set-up and processing of images for bulk 

35 flow measurement suitably incorporates a graphical user 
interface, data management and data logging facilities. 
Separate operations are implemented as functional nodes on 
a tree structure allowing sequences of operations to be 
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linked to each other. The processing sequence is performed 
repetitively to give periodic samples of the flow field, 
channel depth and discharge value. These values are stored 
as a sequence along with date of measurement, time of 
5 measurement and various values such as maxiiatm/minimum 
measured velocity and optionally a measure of measurement 
quality estimated from the proportion of data filtered from 
the raw measurements. 



A typical flow measurement procedure for measuring 
10 the flow of water in a channel will involve the following 
initial calibration and set-up steps: 



1. Select free running image acquisition to 
position the video camera 1 so that the channel 
6 fills the field of view of the video camera-. 
15 2. Focus video camera 1 on water surface using an 

aperture value > f8 to ensure good depth of 
focus. 

3 . Specify four or more known points in the field 
of view to generate image-object mapping. 
20 4. Specify position of top-bottom and width of 

depth measuring gauge. 

5. Specify location of opposite banks of channel. 

6. Select processing sequence for measurements 
(this will be a standard sequence) . 

25 7. Run optimising facility to determine the optimum 

acquisition and processing parameters for the 
channel velocity and density, concentration and 
homogeneity of surface features. 
8. Repeat the calibration process for different 

3 0 levels of water flowing through the channel. 



Once the system is initialised and set-up, a typical 
measuring operation will involve the following sequence of 
steps: 

1. Select start measurement cycle. 
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2. Loop the system through a data acquisition, data 
processing and data logging cycle as discussed 
below. 

3 . The data acquisition cycle grabs sequence of 
5 image pairs and logs them with timing 

information for processing (Figure 2). 

4. The data processing cycle performs first pass 
analysis of surface displacement using grid-wise 
cross-correlation (Figure 3a) . If signal 

10 quality is not good, decrease length of time 

between successive images in an image pair. 

5. Perform filtering according to global 
characteristics of 1st pass measurements . 

6. Perform filtering according to continuity and 
15 smoothness of data considerations. 

7. Combine filtered output from measurements made 
from individual image pairs to create average 
vector-field (Figure 3c) . 

8. Average vector-values along direction of channel 
20 to generate average across -channel velocity 

profile (Figure 3d) . 

9. Measure channel depth from the measuring gauge. 

10. Compare channel depth measurement with previous 
measurements to determine if it is consistent 

25 or, if a first depth measurement, log the 

measurement without the consistency check. 

11. Combine surface velocity profile, water depth 
measurement and channel width to generate 
discharge measurement. 

30 12. Log details of measurement including time, date, 

discharge, max velocity, min velocity quality 
factor etc. . 



The system described above uses spatial mapping, 
determined by initial on-site calibration, to convert pixel 
35 coordinates in the image into positions and displacements in 
the field of view measured and ultimately into velocity 
signals. The on-site calibration is implemented for 
different levels of fluent material in the channel so as to 
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take account of changes in the level 'of fluent material that 
are significant when compared to the distance between the 
video camera and the upper surface of the fluent material. 
If these differences in fluid levels were not taken into 
5 account there would be fluctuating measurement inaccuracies. 
By calibrating the system at several different surface 
levels, it is possible to calculate from the calibration 
data the dependencies between real world space variables and 
fluid level. These dependencies are then used to 
10 recalculate the spatial mapping every time a measurement is 
taken, thus ensuring an accurate image -to -real world 
coordinate transformation. 

The sensed level signals, representative of the 
height of the upper surface of the fluent material in the 
15 channel, may be used to control the focusing mechanism of 
the video camera (or other imaging means) lens to ensure 
image sharpness irrespective of the distance between the 
imaging means and the upper surface of the fluent material. 

The imaging means is suitably mounted at an angle to 
20 the upper surface of the fluent material and is preferably 
equipped with a polarising filter. The view angle of the 
imaging means is preferably set at or about the Bragg angle, 
so that visible reflections of light from the fluid surface 
are diminished or suppressed and surface features are 
25 clearly visible even in conditions of strong ambient 
lighting. 

In another embodiment of the invention, the 
illuminating means may comprise a source of pulsed 
electromagnetic radiation, typically infra-red radiation, 

30 for illuminating the upper surface of the fluent material. 
The effective time separation between consecutive 
illumination pulses is controlled so as to group these 
pulses into pairs. Figure 6 shows a typical timing diagram 
with the upper part illustrating image exposure and the 

35 lower part illustrating trigger pulses for triggering the 
illuminating source. The imaging camera typically takes 25- 
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3 0 images per second and in Figure 6 exposure of the first 
image II begins at time Tl and end at time T2 with there 
being a time interval t2 between the end of exposure II and 
the start of the next exposure 12. The period of image 
5 capture is tl representing the time between the start of 
successive image exposures. The illumination pulses are 
triggered in pairs PI and P2 7 the pulse separation between 
the pulses PI and P2 of each pair being t3 and the 
separation between the first illumination pulse PI of one 

10 pair and the first illumination pulse PI of the next pair 
being t4. In the timing diagram the images are shown as 
pairs of images II and 12. t4 is twice as long as tl (i.e. 
t4 = 2.tl) or the time separation t4 between consecutive 
pairs of pulses 'P1,P2 can be considered to be controlled so 

15 as to be the same as the separation between consecutive 
image pairs (e.g. between consecutive images II) . Within a 
pulse pair, the first pulse PI is timed to occur while the 
first image II of the corresponding image pair is being 
exposed, i.e. between time Tl and T2, and typically close to 

20 the end of the first exposure. The second pulse P2 is timed 
to occur while the second image 12 of the corresponding 
image pair is being exposed, i.e. between time Tl + tl and 
T2 + tl, and typically close to the start of the second 
image exposure 12 . The interval t3 between the pulses PI 

25 and P2 of a pulse pair can also be controlled. It will be 
appreciated that by positioning one pulse PI of a pair close 
to the end of one image exposure II and positioning the 
other pulse P2 of the pulse pair close to the beginning of 
the next image exposure 12, an apparent time interval 

30 between two consecutive images is achieved that is much 
shorter than the interval of time tl in which the images are 
actually taken. Provided that the duration of the 
illumination pulses is short in comparison to the time 
interval in which the images are taken and there is no 

3 5 negligible interference from other sources of illumination, 
the apparent time interval between two consecutive images 
is, as mentioned above, equal to the time interval between 
two consecutive illumination pulses. This technique is, of 
course, only achievable by grouping the images in pairs. 
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When a "measurement" is made, surface velocities are first 
produced and the quality of the velocity data is calculated 
using a signal-to-noise criterion or the like. If the 
quality is not sufficiently good, the interval between 
5 successive image evaluations and the interval between 
successive illumination pulses are modified, i.e. decreased, 
using a pre- calculated dependency between surface velocity 
and the chosen quality criterion, and a new measurement is 
made. The process is repeated until a sufficiently good 
10 signal quality is obtained. This adaptive feature gives the 
system the ability to optimise measurement accuracy over the 
complete range of average flow velocities encountered in 
practice. 

Although the illuminating means 2 conveniently 
15 illuminates the water surface with visible light, it should 
be appreciated that the illuminating means may "illuminate" 
the water surface with electromagnetic radiation above or 
below the visible spectrum. In this case, the video camera 
would be able to record in the appropriate electromagnetic 
20 spectrum. 

The invention has been described with reference to 
water flowing along an open channel. The invention is, 
however, applicable to the measurement of flow 
characteristics of other non-gaseous fluent material, e.g. 
25 other liquids, liquids containing solids, sludge etc.. The 
fluent material may also pass along a closed channel or pipe 
provided that it is not filled and that a camera or the like 
is able to record surface features of the fluent material as 
it passes along the channel. 
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CLAIMS 

1. A method of determining the volumetric flow of 
non-gaseous fluent material flowing over a measuring period 
along an open channel (6) or along a partially filled closed 

5 channel, the method comprising evaluating images taken at 
successive intervals of time over said measuring period of 
the upper surface of the fluent material as the fluent 
material flows along a given portion of the channel (6) to 
provide velocity signals representative of the velocity of 

10 the upper surface of the fluent material, providing level 
signals over said period of time representative of the level 
of fluent material flowing along said channel (6), and 
determining from said level signals and said velocity 
signals the volumetric flow of the fluent material over said 

15 measuring period, each of said velocity signals being 
determined by detecting similar surface features or patterns 
in evaluated images obtained at different times within said 
measuring period. 

2. A method according to claim 1, characterised in 

2 0 that the quality of the velocity signals is evaluated for 

use in controlling the length of successive intervals of 
time in which images are taken. 

3. A method according to claim 1 or 2, 
characterised in that the upper surface of the fluent 

25 material is illuminated with electromagnetic radiation, e.g. 
infra-red radiation, to facilitate recording of said images 
at said successive intervals of time over said measuring 
period. 

4. A method according to claim 3, characterised in 

3 0 that the upper surface of the fluent material is illuminated 

with pulsed electromagnetic radiation at the same intervals 
of time as said images are taken. 

5. A method according to claim 3, characterised in 
that the upper surface of the fluent material is illuminated 
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with pulses of electromagnet*, c radiation, said pulses 
occurring in pairs with the first pulse of a pair occurring 
whilst one image is taken and the second pulse of the pair 
occurring whilst the next image is taken. 

5 6. A method according to claim 5, characterised in 

that the time between the first pulse of one pair of pulses 
and the first pulse of the next pair of pulses is controlled 
to be twice the period of image capture. 

7. A method according to claim 5 or 6, 
10 characterised in that the duration of the illumination 

pulses is short compared with the time of exposure of each 
image . 

8. A method according to any one of claims 5 to 7, 
characterised in that the time between the pulses of each 

15 pair is controlled so as to be small compared with the time 
between the first pulse of one pair of pulses and the first 
pulse of the next pair of pulses. 

9. A method according to claim 1 or 2, 
characterised in that the level of the fluent material as it 

20 flows along said given portion of the channel (6) is 
determined by evaluating images taken at successive 
intervals of time over said measuring period. 

10. A method according to claim 9, characterised in 
that the level of the fluent material flowing along the 

25 channel is determined using gauge means (5) on a side wall 
of the channel (6) in contact with the flowing fluent 
material. 

11. A method according to any one of the preceding 
claims, characterised in that width signals are provided 

30 over said measuring period representative of the width of 
said channel portion, said width signals being used in 
addition to said level and velocity signals for determining 
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the volumetric flow of the t fluent material over said 
measuring period. 

12 . Apparatus for determining the volumetric flow of 
non-gaseous fluent material flowing over a measuring period 

5 along an open channel (6) or along a partially filled closed 
channel, the apparatus comprising channel means for 
providing said channel (6) for the flow therethrough of non- 
gaseous fluent material, sensing means (1,4) for providing 
level and velocity signals representative of the level and 

10 surface velocity, respectively, of the fluent material 
flowing along said channel, said sensing means including 
imaging means (1) mounted relative to the channel means for 
providing at successive intervals of time images of the 
upper surface of fluent material as the fluent material 

15 flows along a given portion of the channel (6) , and 
evaluating means (4) providing said velocity signals by 
detecting similar surface features or patterns in the images 
recorded at different times, and means for determining the 
volumetric flow over said measuring period from said sensed 

20 level and velocity signals. 

13. Apparatus according to claim 12, characterised 
in that the apparatus includes illuminating means (2) for 
illuminating the upper surface of the fluent material 
flowing along the channel (6) with electromagnetic 

25 radiation. 

14. Apparatus according to claim 13, characterised 
in that said illuminating means comprises a source of pulsed 
electromagnetic radiation, e.g. infra-red radiation. 

15; Apparatus according to claim 12, 13 or 14, 
3 0 characterised in that said sensing means includes gauge 
means (5) in the channel for providing a measure of the 
depth of fluent material flowing through the channel. 
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Figure 3c 



Figure 3d 
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